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7UHL FS0CB380n. WITH YMTCSnUXBD 
roSL CBUb OTZLISXEIO CGRAHIC TECHBQIiOaX' 

This appllcafalon has been filed in the Chltod Sba.tM oC 
5 Aqterlea as pabesb oppllcftvioa nuniber 09/649553 BVLmA on 
August 28, 2000 

gl*ld of myntlcn 

10 

9hA present tavoation pcrteiatf to turn! etlla*. aad 
iioxtt ptaCt'lcuXBrly- to • fueX pKooMsoor and intagntad £u«l 
ottll CaibxlQated utilising earania taohnology for Igipxavad 
IS flisa and porforaaiiee beseflta. 



BaeanxpDund of tha nivantlon 

Vuel cells lo genecal, ere *ha.t.btsey 

raplaceotants', and like batteri«», pzodiioe elaotrlolty 
bfarough bb elaotzootaBnioal prooofla wltboot CMbwCioil. 
TIw elaotxodheKlcal prooBBB utllisad p r oyld aa tar the 
25 caiphlnizig oC faQpdxegan with oxygen fren bba air, Ifaa 
procsasB la Acoos^iahed utlliains a po%yiNx kleotzOlvte 
nembEane IFEM) which condacte pratona BandirlehBd betweeA 
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tvo «lsafcrod«8« ttanBoly an aaeds ftod a eat^de. FvmX 
c«ll«, M loiGwn. cs«n provide p«zp*eiua ttlAcitrlciky aa 
lox»g «• fuwl Mid oagfg«B im cupplled. Hydrogvn 1b 
typically uaad as tha ftuol In Euel calla for pmSudag 
S the eleetriciey ctod Ic coa be pxoceasad £roM tinUiaaol. 
nacuxal gas, pokxolMm, amnonla* or otored In netal 
hydrides. Cfutwn nanebubea* or u pars hydrogan. 
Refozmad bydrogan temX eaXla (RHFCb) ublllza hydrogaa 
£ual proasaaed fxon liiQuld cxr gpuaouo hydxocaxixm fuela, 

10 audi as aathanal, ualug m fuel rafoanmir. 

ReComed liydrfsgen fuel cella preferably ublllse 
niet li a i ial time la refermed Into li^drogan as a £uel sguzvs. 
Hebluiiol is tha prafsTTsd C«el for us» In fvial raCoxaara 
foor portaMe aprplieaclona bacauao ic is sasler to refom 

IS Into ]iydrog«n gaa mt, a relatively low tenperatura 
oooqperad to etbar hydrociUEtooo fuala aucb ae attuinolf 
gasollaa, or butena. The refdmiag or cooveartiag of 
laetlwnol lato hydrogen uimally takoa plaoe by one 
chraa differmt tjfpes of refondpff. Theee three typaa 

20 axa ataan reCocoilJig, pertial oxidation ra««eniiig« and 
avtotbeEnal xefoxning. Of theea typocir steaa reCoralag 
La Che preferred prec eoa for nethanol refoxKiag baoouaa 
it ie the eanioflt to eontvol aoA praduoea a hi^bitx 
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bcydvogoa output, afc a lo*tex tefi\pemtQre, fchua L«adi»9 

l^Mlf to £aivor«4 u««. During ataaa SBfoxmioff* 

SMthBiODl Id oatalytiaallr comBxted, with tbA wppUrwfcion 

Of haat^ bo a Hydrogen enricfaBd fuel gs9 for um with 
S fuel eellp. 

FUal xttCesnsr* haw been dovalopod for -ose in 

cai^unoblott with fuel cell devlceft* ]tnit thsr are 

cuidbM&rpome and conplex. devices coauiiflCinGr of Beveral 

dlBcreta eaetlatts o«meoted tosathax wltJi gaa plunblaff 
10 and hardware to produce hydrogen gaa, and ara tbue not 

auitable for portable power aouvee apfplicatioBB. To 

datBf DO fuel reformers have been developed titiliaiag^ 

oerania nouolithlc ' Btruotusee in wbioh the 

niniaturiaation of the refozner oan be achieved. 
13 L aminated . ceranla caonponentB, tttiliaing DeraDtic 

fceehnoLogy, an now commonly being developed for use in 

tfiozotliiidia ohetti?Bl ^rooesaiog and energy naBnoeiient 

ayBteae. Hanolithic etxuotuxeB CoroBd of Umbo laninafced 

oexemie cowgonente pcowlde for o oiigonefifce that are inert 
20 and stable to ebetoioel reaot-iona end oapable of 

tolexsating high beiaperatures aa well as jfxoviOxBg fixr 

miniatiirixed compoiientB, with a high degree of alecbzonie 

clxouitry or o oDg>one n te embedded car iotegrebed into Booh 



PACE 2a/7S * RCVD AT d/22/2006 11:48:01 AM [Eastern Daylight Time] * 8VR:U8PTO-EFXRF-2/1 * DNI8:2738300 • C8ID:-i'1 212 319 5101 * DURATION (min-S8):20-54 



SEP. 22. 2006 12:06PM +1-212-319-5101 customer 01933 



(13) 



NO. 9501 P. 30 

JP 2004-508670 A 2004. 3. 16 



wooi/wn PCT/issuMsao 

4 

ft CAXai&ic atruoture far system contzol and £uzK3tlotiallt:y. 
Addit locally, the censLie laBterloJ.? used Co focn earanlc 
d«vlcea tncludljg odaxoclwBiMls mx* ooaiaidsred co be 
exaallent oandtidatea for catalyst siipports In 
S taiaroreacbor devloee £<ac ganexatlng l^dregen 1» 
eonjimetion wiUi iaioiM.turlz»d Avl c*ll>. 

Acoocdingly. i.t is an oI>jeot a£ tbo poraewt 
Invention to pvovido for a ralzii.aturlxB(t Cuel proceaoor 
that pirovidas fur tli* rafoxniag of a foal co a 
10 hydroQaaOaaziabttd fnal gas for uaa in oon^fuaoizion with 
*n iatsgrated AjoI call. 

It is yet another ofadBOt of the poraesnt Imrsnfclon to 
provide for a moselithio struefcure for the refoxidsg of a 
Cufll to a hydzofirea enriched 900. 
IS Xt ifl Still another objeot of the present inventioa 

to provide far a monollthia atruoture that is fomsd 
Utilising eeramle fceetaDolegy, bharehy pomvlding for the 
integration of m. plurality of internal plmibing 
intercenneationB and eleotrioal oirouitxy and 
20 oooneobiood . 

It. is anotber otbjadb of the preaent ioventloo to 
pxovida far a fuel pmeeBBor that is niaiaturiaed Ccir use 
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in ooajtinecian mn lnt«srx«t«d tnml ovU for porbabl* 
device applloatlone . 

9 Smnmaiy of the Invention 

The mbove pvobleM end otlmre are at least partlelly 

solved and the above purpoaea and othexn axe realiasd in 

a fuel proaaeaar and istegrated fuel call ineludizig a 
]Q three^dlnesaiooal Rtult4]Ayer ceramio eaxriex etxtoctare 

defining a fuel xmtoanmx and including on Integrated £uol 

cell fltadc. The fuel xe£oixiaer inoludee a VQporlsatioa 

zone and a reaotion aoea inelttdlng a refexniag ^oatalyst. 

The cexamlo oarriex further inoludes an Integrated heater 
15 thaxnolly coupled to the viiparisalilQii and reaotion eeckee. 

an islefc «K«™»t liquid fuel and an outlet 

Cor liydrogen enricSied gaa. !Aie fuel proceasor is fanned 

utilizing ceraaio taobxMlogr la whioli thin earetnlo IiQ^env 

axe aBfleiflbled then eintexed to provide QlaiatuxB 
20 diiaenalODO In which the ene^aulaCed Oakalyst con v ex te oar 

refosiRa Inlet fuel into a hydrogen enrlohed gaa. 
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Brief Deacaclptlon of the Drawiqcy B 

Ibfl BoviBl £aBtitraa ballavad charactoriatle of the 
S Imrantlom are eeb forth in titm olaina. Tku iAvenfcioa 
Ifctfelf f taeiMvttr« as well m ofeher feacuxea bbA hdnxZtSBa 
thereof will be beet UDder»to9d tor cefevance to detailed 
deaerlptionv vhich follow, when read in oaniusotion with 
the aooonqpanylxkg drawinga, whearelni 
10 no. 1 in a sii^lified arfchoganal view of a foel 

proeeeaor end integrated fuel cell etaclc inoludirt? a 
plurality of -fluldia oihaiinelB, accxirding to the preeenb 
inventloai 

vio. 2 is a aimpliCied seotiooal view of a foel 
IS proaeasox and integrated Coal call stack according to the 
present invention r 

VZO, 3 is a olnplif ied eectloviAl . view of an 
altarnati've «id»ediiwnt of tl» foel jMnQceoBor and 
integrated fuel cell stttdc of tha preeent Invention! 
20 FZa. 4 ie a fllirpllfied aectional view of a therstally 

oonduetiwa atcucturo aecordlna to tbe present inrention; 

Viaa. B and C ara sinpllfled saetional views of 
altamatlve aidaodinenta of thermally oontroUad 



PAGE 32/75 • RCVD AT 0^272006 11:48:01 AM pEaslem Daylight Tlmel * SVR:USPTO-EPXRF-2/1 • DNIS:2738300 " CSID:4-1 212 310 5101 " DURATION (mm-88):20-54 



SEP. 22. 2006 12:06PM +1-212-319-5101 customer 01933 



NO. 9501 P. 33 



(16) JP 2004-508670 A 2004.3.18 

WOQVIMI PCTfllSDlAiSM 
7 

v«(poarls«r/roaotiasi aooa ahamiala aocordizio' to tim pat^aazA 
ipvvnieion/ 

FZO. 7 Is a 8lii)pll£led flow dligma of tha iMthwK of 
reforming- Cual oocordlng to tbe present Inventlozir and 
S rzG. e la a mdhesmtio diagram of tha fuel oell 

system lakegraited with » £uel Tufaxwrnr adaoondiay to th« 
preosBt iixvanbi<3D . 

Degeriptlop of eha greferred BBJbodljiantc 

10 

Tdxnlng now Co Uia dxawijoiga. and pwUculex- FXQa. l 

and 2« llluetrafced In aijipllfied arbhegeoal vlev (Fza. 

1). nzxd In Biniiplifi«d cross -Bactiooal view (7XO. 3> is a 

fuel preee00or 10 Includijia a pluzaliby of miezoflnidie 
IS ohannolfl, aocsordlng to tha preaemt invent Icot. fool 

pcooes»or 10 i» QonpriMd o£ a tbree-dinaaaional vulti- 

layer ceranlc pfccuefcure 12. ceramic etzueture la is 

fozmad ubLliaiog milt 1- layer laBlaate oezaalo teobnology. 

Structure 12 ie typically foxned in ocoponent paxta which 
20 axe tbeta eintexed in auch a way aa eo provide for a 

tnoaellthle acxoetvre. cerainlc stiruoturv la ham defined 

CbQTBin a fuel refomor, or fuel prpaeesoTt generally 

refexencod 14. yuel refonner X4 iooludea a vapcrisation 
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s 

ehaiBber* oar >rcipoirisat.i.on xcab. 16, « reaotioa cbaaabea^f or 
rMOClon son*/ la, and an intsgra-bed hsoib acurea, dfl. 
Cexanlo stmetun la fwrUier Includes 9t leaefe omA £attl 
inlab e&annel 20 In coiwiunicatloD vitb a liquid £t>el 
5 0ouxea of a covibisatlon aolutioa nabhanoX/wafcar aouxoe 24 
and a pure natbanol aouroo 26 and a hydrogen anrlehed gaji 
outlot channel 22. 

Daring ofteratlon, heaC Lb frffinlnntly branaCazrad 
tzaa the oentral aapaet of the devlca, vioze pariiciaaTly 

10 an Integxafced heatar 28, t:o bha ruction sona 10 and fuel 
vapoxlaaE^ or ▼aporlvabtoo soaa is vaing thaannal 
oondnctlva cttannala, or vi.«a. (diaoudsad pxesentlyl . In 
thlo partioiilar anhodimaDtf integrabad baabar 28 la 
descrUbed aa a chemical beabex, Inoloding a catalyat and 

15 azxanged ao aa to oxidize fuel fee prodnea heat, bub lb 
Sboald ha lodaracood tjiab clia Ineagrarlod of an. 
aXoobrloal baabar ie antioi^atod by thla dlaolosura. 
Cbemleal heater 26 Inoludea an air po r t 40 for previdlnig 
cagr9«a for oxidatioai o£ aiabhAaoa/wabdr 34 ind/or pure 

20 methanol 3C and an Inlafe ehaanel SO* for providing 
iBCthanol /wtax 3« and/or puce m eth an ol 26 to heeter ZB. 

Ou^t from fual TaporlMT zona 16 txuvelc via 
nhannel 30 to reaction aone 10 and then through faardrogen 
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•nrlchfid ffas outlat: obaimel 32 to a fuel cell mtatk. 32 to ^ 
■ivply hydrogen fu*l tee ivtade ^a. Sp*at gsMC tzon thft 
fUBl cell 33 are dlzeocod thxattgh a nasba hmut raeowexy 
sone 34 bo oaptuze tte lisat froo tha spenC 9tt«BS. Slpaot 
5 gsae* Crcn cheaieal haater 28 also fezaval tlirough bbiv 

An efflolent tfaiananl Inaulator 3fi lo posiciouad 
undeur foal v^poxljrax scnw 16 co kMp outor ceaperaCiazas 
low toK padlEBgiBg and also bo kaap haat localised booths 
,10 fual rafcxner ayabem. Aa llluabxated In FiQa. 1 and 3« ijti 
this parfcieular oxasiplfi* high ksispexafcqra tual «*11 32 la 
Integrated wLbh fuel xefeniar ThlA partloular ftMl 

cell deaign allmra for tha opaxatlon of tha £ual oall at' 
a caaqcMoraCure ranging Cran 140>aoo»c. Tuel vaporiaar 
15 sone 16 opazabea at a benparaturo rwigiag £rom 120-1€0*C 
and tba rtaav rafooatlag veaoblon aona IB cpaxateA at a 
tan^erakute zaagijia from 200>a00*C. 

Mdlblojaally, in this paxtimlar anbodlmeBt of Cual 
pxoeaaffor 10* Ineludad I0 m eadiausb gaa vent 3$« for tha 
20 vsa^iag c£ eodiauab gasaa ganoratad by danrioo ID, an air 
inlet 40 and a top curreDb «ollecbor or cap 42 (as 
llluatzmtad la 9X6. 2> . 



35/79 * RCVD AT W22/2008 1 1:48:01 AM (Eastern Daylight Time] ' 8VR:U8PTO-EPXRF-2/1 * DNI8:2738300 * C8ID:4-1 212 319 5101 * DURATION <mm-S8):20-54 



SEP, 22. 2006 12:0?PM 



+1-212-319-5101 customer 01933 



NO. 9501 P. 36 



(19) 



JP 2004-508670 A 2004.3.18 



TCDD$01A<MP 



10 



Tt flibould bo underBbeed tihat blCMnkaeiw OTOwdiraoifes 
mcempaealoQi U) altexnativQ £uol dellvexy mtuxs, slbbftc 
pasaivB or actlv* pmipiagi (iDfual VaparlMr, rft^c^loo 
aon«, Qsd etaamlcal heabax- posltlonAt (lil) a fuel 

S refozaar device wltbout an Integzaead oall« . aze 

■a&leil^tad fay this diaoloaure. ^ iwrtioiilar, 

aneioipatod ie on einbodlBienk in ^hxoh only a olzgle £uaX 
auppXy* oaictaly msthanol and water, ia ancioipatad. Ihla 
-uce olf a Bln0lQ oachaaol and wacax aolubum vntUI eoabla 
iO tha falnrtoaticHi of a aimpler daalgji. trlcbout.any need far 
fchtt devloa to incQarpoarabe t:«o fuel fcanka. AXUtvugh It ia 
uadaratoed that pur* nathanol la mora effleiant and 
pzaf erred wLtli x^e^eot to the cbend^zal heater, a i iwla 
watar and 1 laole oathanol soXution will aXao wesfc, but la 
IS nob daamad llbarally ae cparatloDally effioiant. nrthaXt 
a heater using tha water and m«t:baool soluticm ia 
auitabla fox praota<»l appllsatlooa, and tmuld pesnit » 
alnple eonman fiial Ksaxvoir for feeding the heater and 
xefonner chawbera. la thia inatnnoe, the fuel delivery 
20 watild be split into two chanbers, the cbaisical h«ater 2B 
and fottX Tivortsar 16. 

Klextt Bnticipatad are variations on the acrual 
design of devioe lO and aiora paxtioularly to tba actnal 
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locatlcai cc tha fuel 7i^ri>» woe 16, reaction 18 
and aluHdoal hftoter 38. m anm particular •ItematiTO 
•nbodinsiit, it ia utleisftbed that Mdctioo 
ourroundi the ohmleal Xtoatar 38 on botli eidao (tap and 
5 tetcoiB). tn y»t oaothar altexnatlvw totodiment. It ie 
antioipatod that xeactloa aoaa la oaa be poBitloned below 
heater 2B and the lt«l vaporlaar ««• IK on top o€ th- 
chemical heater 2ft. In addltloD, and pr.viouaiy 
stated, it le entlolpated thai: obenloal hwitor ae oan 
JO altenmtivelr bo an eleetrlcftX beait«r |nac oboimt . 

PlnaUy, It la aatielpated by thl# diaclwmro chat 
although illuatrnted in TXOb. 1 end 2 ie the integration 
o£ Coal call etade 33, « dealsn in whloh a ftul eell io 
apt integrated ' with nfioxiaw 14 is additionally 
IS aatieipated and illuatimte in fIQ. 3, discueaed 
presently. Aa illuatrated is WXO9. 1 and a. when fuel 
«all etack 32 ia intaarated with £uel r»£ormr 14, 
advantage cen be taken of the beat oC the «ul>»trate to 
operate higb tenpezstuze Cuel call atacifc 33. Per high 
20 pcwar applicebiontf, it io coiivejiiemt to design a sapsrate 
ftial caU ataok and a fuel processor unit and oouyla thee 
to «Hpply the ftial for the fuel eell. In «ooh Inetaiicee, 
wJien « fnel call ataok la not intagratad with the fuel 
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racoriMr. and tha fuel ra£QKM3r is daa£gn«4 aa a abatad 
>1«SM davloe <» iaiwtxafced In Pie. 3, rarternal 
eonttactiiia can nads to cotmact tbe stand alona Awl 
rafomer to 4 txaditlooal ftwsl call stack for highar 
5 potter aspplioatloTiB. 

aafezrlng ztQir Co fxg. 3, illuatrAtad le « stand 
aloDB Cual ntooDBT lO*. should be noted tiiat Ml 

oojapoaentB tfiniJLar bo tha aonpononto illuptmt^d In FlOe. 
1 «2UI 2 axe deelgutad with Blollar nuobara. taavlitg a 
10 prima added to iudicafca th» dinarent aedbodlnant . Aa 
iUuofcxated, rerormar id* ladudee » cwablnatloa tual 
oonjirlsed ot liquid methanol and vatar. Input through 
lalefc aO», inpoxisex 16'. aleotrical ikaaten 28*, xaaBtton 
sons lfl'« and hydrcgao enrl tilled fuel outlet 23*. tevlce 
15 10- operatea gaiwrsOly einillar to devioa lO as illastratad 
In iriQB. X and 3, exoept: in thia particular eobodiaant. 
•nd bydvo^aa enriahed £Ual outlet 22* serve* to direct bha 
re£oKned Itydro^BB fuel toward an axtonoally connected 
fual Cell (not shown) . Furtbar infonnation on « r«£oniied 
30 brdzeson Coel Byvtam devloe of this type oaa be found In 
0.8. Patent epplloBfcioa, bearing Attom&y dotrkeb nuii*«er 
Ct 00-0X2 « ■SttultaneeBely Cllad harawith, eatitlad 
OTXLZZIUB CSIVMIO TSCUBOLOOy- , 
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rcuiaiuaim 



IS 



oiteAgnaa to tba aaine wigoM mnA iaooxpaswtvd hmia by 
thi« vaforoaaa. 

Mmtog now to FIO. 4, lllit«tz«t«d in ol«pUC±«d 
cnaa>BBatlcnal vi«w !■ a fchenal cooduotlvB atrnobux*. 
5 or via, flOQaraiay refar«ie«d JO. onoh eji tliab utlllMd In 
davica lo of raoa. i and 2. fitsructura so ia gonerolly 
utUlicd for transfer of haab aCCiolently bat«raen 
dwnioal heatar 79 and fuel vaporlxar zone 16 and 
raaotlon boha le, tut «n21 as betma Vasta beat: zeeowy 
10 22 and raaotlon aone iO- Aa iUustzated. tbannl 
oonductlva atruoture 30 indudea iroltl-layer cara«io 
Imyra 63 uaed 1» tb« fabrication of tbe tiKH»lithlc 
ccrucstuxa xa. Xdantitiad la oHealcal taaatar aectlon 30 
and zaaatlon soae cbaaOQar 16. Ttermally oonductlva 
13 thltdc-filn ittatal viaa 54 therreaXly coople the top end 
hot ton aaotlAna afflolontly for good haat trasafM'. X 
thlok-filn natal layar 55 In tntimata coataot with 
chaaleal baatar xone 28 and raactlon Sana 10 apraads and 
UbifOKmly baata tfaeso aeotlOBis. 
2D Rafarzdng aoir to PIGb. 5 and €^ lUuatrabed in 

alm^lCied croia-aecfcianal or plan vlaw la a portion of 
AiaX <vapoxlxar ic. tfara partioularly, llln«tratftd da 
no. B la a aaorpantliia chaanal 60, that im ^pioally 
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filled or coated wLtb •» iLxH poroua c«tB«ia nakesdal 
for thermal conbrol. Altematlvoly. TOporieer is can be 
fomed of A nilblpUcilby of pBrallel chaaiMis si, with an 
iBarn porous comic aatarial for Clwnul conbrol, ia 
5 Hitorofluldie oaavnuieaelon tribK a peiroas diffuserr 113. 
In vBdh Inofcazioe. Mxpoatlaa ohannel SO or parallol 
ebunaX €1 iaoltdoo » cooiblaed mii^m liquid iaiefc coed 
C2 at one cad aad oonbinljig into a aioffla vapor outlet at 
the othur end ««. aexpooUna obaimele fio asd parallel 
10 dhaanolA 61, are corned in btae multi-layer oaxaaio 
etrueture. pravlonaly idaatiCled aa 13, Rbaction sons la 
tnoludea Blnllnrty dealgiied dhaanel* and teatures ae 
found In tho vaporiser me, diacuesed at»ve. no» 
particularly, zeaebioD aone le Includee • refonslng 
IS oa.balyBb. rrbo oatalyab Is preaant aa channel Kali 
coattnga or aa a posova padked bmA of oabalyat partdLoles. 
. oa» oaaiga goal Ip to raduoe the dimenealosuaity o£ tba 
reaetor obaxmala to bho oxdar or a gaa dlMuBion length 
and control gas reeidanea tlnoa. or gaa ppaoe volooity, 
20 that m favorable to zeactlen Jtinetloa. a nmltlpiiodty 
of pazsUel reactor chaimals^ generally ainilar to • 
obaaaela ex, pmida for high gas througlvtit aad 
nloiolBev bask preasaxe la'euas as rolated to obannal 
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WOOXOMK 



KtfOBDiOt/m 



blooJkage. it ahould te undsrsbood that It ia 

aatAeljtMit«d by thl« <U.b1obii«i ch>t: vApoti,^: .oDe X€ and 
WtetloD sene IB luy iadutf. la addition to, or in iiou 
of, serpantino chann«U €0 ud panllel fihasnela ffl. an^' 
5 number ef cmritiec or chanbera, or any eortHnatloii of 
dbmnlm, wiciea. or chanbere. thereof. 

tlluatrafcad la pic. t i» ^ al^iliried tXom ohact 
^i»fla?»»i i* th* ehMsieal reaction that fcakag piaca In 
dsrioe 10, ana ooXa particuXacly In rafonaar w of davlce 
10 10. to illuatiMted, matlanol 70 and «at:ar 73 azn Ijiput 
IJJto a ataam raComax 74, generally almliar to reformex 
14 or nam. l and 2. staam xafoxnar 7« c^eratM at a 
taavsnture of apppoatlnately aS0«C to refozn bha itvut 
nefchanoa 70 bzkI water 72 into a refoxoad ^ niactura, 
15 generally rofcrrad to as the hydrogan eariohed gaa. Itoxa 
pazcieularly. in tha praaanoa of a eatalyat, aueh a a 
eesper oxldo, »lnc oadda, or ooj^ar aiacs oxijOo, the 
iiwtrtianol 7B and watar 73 aolwfcion ia rofoimed into 
ivdzogen, eazboa dioxide, and none oaxboa ponooada. 
20 eteam rafoxnor 74 oparataa in conjunction irith an 
optional carbon nonexida oleanup 16, *rhn<r in tbe px«seDca 
Qt m preearential oocidatioa oafealyet and alx (or c^} , 
caforms a laxga poroantaga of tlio prasaot cazten nanaxidee 
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Ittto oarfcon dioxide. Zhls i^teiMd ttdxtm flUppUsa 
fuel chrooglt £ua1 output 70 to a fuel emlX, gmaimlly 
aijnilar to £iial cell 22 of TlQa. X and 3. 

TlluecTBted to P20. a n oduwatics di«Br«m oC fual 
5 cell syatem 10 tfith lutegzated JEual Teiormar 14. JVa .hown 
la tbta dlagm, fu«l cell 32 cAn b<i ppeztited directly 
ualiiff output 33 from fto«l tefacuM 14 witbout CO clean 
W. IB this iaatuMe t^el coll 32 ie a higU tBOipepeture 
fuel eell. An «dvm&tage of the integration of a 
10 tTi»Tlri BB »l fuel cell sttKifc 33 with the ftiel praoesm 
14, aa illustrated, is the ability to operata tuea 'coll 
at bi£pta)r tenperaturea of I40.aoo*c by takliQ 
advancage a£ the heat fxoa raEoner aigh te^peratun 

tuel call matabzsBeo euoh as Pal (eolybanaioldaaole] , ox 
15 ainilar polyner eonpoaitioa knowo so ABFBl can be uaed 
lA theaa aprpUcationa. Thaae fual call naidinaea 
flperabiag at teaiperatuxea . greater tlian I3t>»c Kave uudh 
higher bolaxatKiB up to a ooriblnidd total of 5% (mal) oo 
and loathanol in tlae refaxued faydzogan oubput £zon the 
20 fuel prooasaor. Vaa o* theaa aieBtt>raxLea eliminates the 
need lor • ot> elean up atep using the pzefeKvntial 
OKidatloD xeaotar aaoA aod aiiqplifiea fcto ayatam daalgn. 
Ito the altejnativa. by iiuiozpozatliiff a OO pKaterantlal 
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1' 

olewi IV smmDtmc aCter 0t«an refoxnar 14. a mutlonal 
CuttI c«lX 33 eaa to« op«xat«d. 

AaoordlBsLyt desorlbea la « fuol pxrocessor Including 
• oexvnda oazrlar dafinlng a xmtion mosm inaludlng « 
5 QBtalyafc. Th» o«raciI.c carrier furbbar incltidcfl a tiM« 
aouroe tlwstMlXy coupled to the reactiaa zone otenber. 
Aa inlat ohannel Iv •uppllad for input of tho liquid fuel 
to Um fuel procwABOr and an outlet oharmel Is cuppLlad 
for tha output of the xefonncd ^as mixture. iba fuel 
10 pzoeasoor dwriae la fonaad as a iKioolltbieally Intsgxatad 
Btruotuxa^ ganexally comprlced of a pluaraiity of thin 
o«ranio layers as9«ii>blad aad then isizitared in auoh a way 
«s to provide «os tlw oloaed ^usatlag zonea in ahioh tb* 
enaapjiulated catalyabs refozisfi the inlet fuel Into itOtftly 
15 taydrosan gaa eultatole for uaa with a ftael coll ataxic. 

While wa hvro alK»m and dftsoxlbed apoalflo 
vmbedifTMou Of tha prasant invantioiv, furtliar 
wodifacationo and laprovan^tA will occur to those 
skilled io the MTt. He deelce ifc to be usdoratood, 
20 therefore, that thia Invanfcion 1b not iimitad to tha 
pnrtioulaz foanna ahcain and va i&t«od In hhe appended 
olalM to oover all nodlf laatlooa th&b do not d^arfe €ra» 
the pplrif: and aoopa of thla Invesitlen. 
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Nhal: iM clainwd Is: 



1. A fuBl prooeasor and lAt«sinitafl fuel call 
5 conprlolsBi 

a oarwnlc carrier defining a fuel reforwsr. hhe fuel 
refoxiMr Inaluaing a xQacfclcm t«ne inolxjdljig 4 reCoKmiiig 
eatalyiet end a beat: eouxca tbaznalZy fiouplad to bhe 
xveetion koaai 
10 m iza4k oliaimel lor liquid fuel, 

an outlee chantaal far bydvogan aorlxihsd gas/ and 
□a Incegrabed fuel ' cell, in aleEeflmaio 
ceraaiml«aeian vixh the outlet tfhaxmal. 

^ prooocBor «ad In^e^ced fuel oeXl as 

olaiaed Is olaln 1 lOisreln the Cttel x^foxmar further 
iBfd.\idaa a vdporlKatioa acme. 

3- A fuel prooeaeor Bud loteasatod fuel cell a« 
20 oliinad In oLaln i wbereln the Heat ■eu£«e laa an 
Integrated beater. 
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wo WlHSt 



rcmisttnan 



♦ * psnpcwsor md i;xitagrBt«d fuel uml\ «a 

clnxmcA in Qlaln i »h6»l» lofcegza^M tae-ter i. a 

r««i«tlve heabar cliat: ie elaekziciaiy flrlven. 



* s. X fua pzocwBor and dntegrated fu<U qoU as 

daiftiad la claim 3 wbanln tbm integrated h»«t.r 1» a 
ohenical heater iacl^din, a cataXycc and arraagad to 
oacldize «uaX to produoa bttar. 



10 



6. A fuel pxoeBBSor ajid Intagratad Aiel caii aa 
isiaimed In oUla a libaXttiA the chenical heater further 
looludee an air . inlet <ar pwiding cD^y^aa «or the 
oxidation of the Xoal and tlte inlab ohannal lacludaa an 
opening to jnxyride fual to the ohaaical haatax. 



7. A fu«l prooaSBcxr and iota^ahad fuel cell aa 
elaiaed in olaln a wherein the iategrared heater oouplea 
haat to the vapciriaalrian aoaa' and raaatlon sone uein^ 
thaxaally coadaobivft atzuobuzaa. 



9. A Ciial jmooaaaor and lAtasrated Cue! coll as 
elalned in olaim 3 wfaear^in <ni« oC the vaporivatioa aoae 
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WOOMMSl 



20 

iDcludo SI plnnlity oc parallel 



otaamiela. 



». A tWH pEOCMBor and inte^xated £uel cell aa 

5 elalRied In eUlm 2 i*t»)r«iA one of the -wipoxijation zone 
and the xwcbloo xooe inolwZe a ax. loaat one □•rpentiue 
otaazizual. 

10. X fual pxoeaaaor and intesxabed fuel cell as 
10 claimed In olaln l vherela tlie oorattlo tmlmr la a 

nonolichie thne-dtnanvlonal Dulbllayttr beranle 

11. A Ihial paroceaffov and Integrabad fuel cell 
iS CDcqsrtalngi 

a ittoDolifchlo fchxtta-dlvenaloiwl wjlcilayai ceramic 
oarxier rtrucfcuxe dafltiiiig a fual reftxmiBr including « 
vapozisatlon aona and a reaobion zone Incliidiiis a 
raforrniiig catalyaCr tba earamic: earriar furtJiar i^w^mfljtig 
20 an inkegrated haater tlMroally coupled to the raaotiam 
■one I 

an Inltti: etaaaofrl toe liquid fuel, 

an euelei cSuumal Car hirdrog«a amciohed gasi and 
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W092/194S2 



PCimSOi/XMO 



21 



an integrated futl eell staak. In Rdczofluldlc 
oomsiUQlcation wicb the oufclttt dwao*!. 

12. A fuel prooesaor and Intrvcpcutad fuel cell 



CAixier •truct^m a*fliilzig a Cuftl ^Cpmr including * 
-vapozisatioB saw. coid ■ naotiun xm Inoluding b 



parallol chwiaels or mit least oaa aaxpenblna dhasmml, 
the eerasklc oBxrlor Siarthar laoludlne am Intesrstead 
heater thertft^aiy coupled to the v^porlsacioa acma and 
raaotioa zone uala? tlMUpmally condnctlve atxucturaaj 
an Inlet afhaimal for liqiaid fuel/ 
an outlet channal fox hy^rogom enriohed gamt and 
aa iabegraCAd fual oell stack, la ■acxoCluidlo ' 
eoamu&ixsatiea with fcha oadat diaanal. 




refarming oatalyat.. at laaat ooa oC tha vaporlzatlDn aona 
10 and ths react ioo zone including ooae of a plurality of 
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FIG. 3 
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